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A MI NUTE P ER ZO NE O N P C.

Gene T sai
A c rosoft Intern a tio nal , In c .

Denver, Colorado

I had a d ream 3 years ago. At that li me, hav ing j ust converted t he DOE-2.1C program
to run on IBM P Cs and calling the program MICRO-DOE2, I dream ed we would make a
P C version of DOE-2 that would run a full 64 zones at the same speed of a VA., com­
puter. A t t hat tim e, Acrosoft was t ime-sh aring a VA.X compute r from a com pany in
Denver. Now, in J anu ary of l OgO, we have j ust fi nished t esting tw o specia l versions of
MICR0-DOE2 (the ''OX'' versions) t hat run only on 386 compute rs using extend ed DOS
and eit her an Intel 30387 or \ Veitek 11 67/ 3167 cop rocesso r. T hese latest 386 versions of
the MICR0-DOE2 family will run a full 64 zones a nd run FASTER t han t he VA..\:
computer that we time-sh ared. To be exact , it is 58% fas t er with a Welt ek coprocessor,
and 23% faster with an Intel 30837 cop rocesso r. Isn' t t his a d ream come t rue!

(

Advantages o f the Extended DO S 386 Versions

a. They are a lot faster: On a C0 1vrPAQ DESKPRO 386/200 with a 30387 cop rocessor,
the rat io of runtime between t he regu lar DOS version and an extended DOS version (
is 1.66 to 1. O n t he same computer with a \Veitek coprocessor, the ra tio grows to
2.03 to l.

b. T hey t ake 6-1 zones: The Fort ran compiler for t he extend ed DOS versions can
add ress memory locations for up to 4 giga-bytes versus t he 6-10 kilo-b y tes addressed
by a regular DOS compiler. Also, with the extended DOS versio ns, the size of the
AA /LA ar ray in t he 00E-2 program is no longer an issue. The size of the AA/ IA
array can be easily increased to sizes previously possib le only on min i o r main fram e
comput ers.

System Requ irements o f t he 386 Versio n _..~ .! .... ; ' . .... ;: _. : .": '

Com puter
Op erating System
Memory
Math Coprocesso r
liard Disk Drive
Floppy Disk Drive
Monit or
P rint er

Compaq 3SG or t rue com pati bles
MS DOS or P C DOS 3.0 or higher
3 Mega-Bytes (MIJ) R andom Access Memory
Intel 30387 or \Veit ek 11 6i / 3167
20 ~ IB

i 20 Kilo- Byt es o r 1.2 ~ IB
Il/ \\' or Color
Text Pri nter
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Benchmark T esting or t he Extend ed DOS Versio ns
The execution time of MICRO-DOE2 on a give n computer will depend on a number of
factors. These include the type of microprocesso r and math coprocessor, the clock speed
(in .MHz), and, of course, the size of the BDL input [zones, walls , schedules, etc).

\ Ve picked two I3DL inputs from samples that come wit h DOE- 2. 1D, and ran them wit h
different DOS configurations/coprocessors used for MICRO-DOE2, Version 2.1D. The
computer used for this benchmark testing was a COMPAQ DESKP RO 386/ 20e, wit h a
20 MHz 30386 processor.

T est Samples

Report
Descriotion Zones LOADS SYSTEMS PLAl\'T ECON loaees]
BE NCH02 11 1 1 1 1 13

BENCH3A 11 I 1 1 1 25

BENCH02 is t he fi rst LOAD-SYSTEM-PLANT- ECON inp ut from SAMP02.INP

BENCH3A is t he first LOAD-SYSTEM-PLANT-ECO N input fro m SAMP3A.INP

Descriotion

BE NCH02

BE NCH3A

Total T ime

Regular DOS
wi 30387

1352

1733

Used (i n seco n ds)

Extended DO S
wi 30381

782

1002

Extended DOS
wI W eitek

66-1

852

T ime Used P er Z one (in seco n ds) ,
s- ~.

Regul ar DOS Extended DOS Ex ten ded DOS
Descrintlon ,; I 303 87 wi 303 87 wI \ Veitek
BENCIIO~ 122.9 71.1 60. -1

IlENCII 3A 157,5 00,3 77.5

A verage H O.2 85.2 60.0
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33 MHz 386 P Cs vs , 20 MHz 386 P Cs (
T he benchmark tests were conducted wit h a 20 1\HIz 386 computer. However , the fast est
clock s peed for 380 computers is 33 MH z. And since t he runtime ra tio is an inverse of
computer clock speed , runtime on a 33 MHz 386 computer will be close to two- thirds of
the time recorded in the benchm ark tests , facto ring in also the I/ O processing portion of
runtime. Thus, a 33 ~ D1 z 386 will only take 46 seconds per zone (69 x 2/ 3) with the
\ Veitek version and 56.8 seconds per zone (85.2 x 2/ 3) with t he Intel version . A 33 MHz
386 P C takes LESS T HAN A MIN UTE P ER ZON E for an annual hour-by-hour
simulation . from loads calculat ion t hrou gh economic analysis .

W eitek 3 167 ve. In t el 3038 7
'rVe conducted another benchm ark test compa ring t he \ Veit ek 3167 extended DOS version
with t he Intel 30387 exte nded DOS version. \ Ve simply set up a batch file to run
th rough all seven DOE-2. 1D samp les with bot h exte nded DOS versio ns. T he total time
used was 02:21:16 for the \ \'eitek vers ion and 02 :52: 11 fo r t he Intel version . The runtime
rat io of \ Veit ek versu s Intel was 0.82 to 1, or 1 to 1.22. T his improvemen t of ap proxi­
mately 20% with a \ \'eitek coprocessor was a bit disappointing , bu t not a surprise,
because most calculations of DOE-2 are done with single precision calculations.

386 P C VS. VAX Co m p u ter
In a simila r ben chmark test in December 1986, we found t he runtime rat io of a n IBM AT
(8 Mllz) and the VA.X computer we ti me-shared was 5 .4 to 1 (average of 3 t ests) .
Recently we found the runtime ratio of an IBM AT (8 :MHz) (using t he regu lar DOS ver- (
sion) a nd a COMPAQ DESKP RO 38G/20e (using an extended DOS version) was 8.5·1 to
1 (\Veit ek) and 6.65 to 1 (30387). Correlating t hese two tests , t he runtime ratio of a
VA., and the MICRO-DOE2 38G versions are 1.58 to 1 (Weitek) an d 1.23 to 1 (30387).
Thus, t hese tests indicate that the inexpensive 386 P Cs out-pe rform the much more
expensive VA..X computer.

In his book, Thriving on C h aos , Tom P eters criticizes t he prevailin g belief that "big is
good; bigger is better; biggest is best ." T he 386 exte nded DOS versions of ~IICRO-DOE2
are proof that t his belief is no longer valid .

• • • • • • • •
N o t e S

'l ;.~ 'j ~' :....: I,-v";! ;:I,.~~_j, : "I·,Y':'\ -" ..,?-;-.;.",I,,, ::..•.~J > -J. . -_
. "". -

1. All ,\UCR O· DOE2 runs include ru ntime status displays-enhancements from Aero­
soft.

2. T he execution t ime of VA-X runs is t he CPU tim e consum ed, not the turn-around
time , using a vanilla versio n from Lawrence Berkeley Laboratory.

T r a de m a r ks
CO~f PAQ, CO~ IPAQ DESI<PI10 386 a re tradem arks of CO~I P:\ Q Co mpute r Corp,
1B ~t, mr-..I PC. and P C-DOS are t rademarks of Intern ational Business Machin es Corp.
INT EL, 30:l86, and 30387 are trademarks of Intel. Inc. !\'fS-DOS is a tradem ark of
Microsoft , Inc. OS/386 is a trademark of A.I. Ar chi tects, Inc. VAX is a t rademark of C­
Digit al Equipment Corp. Weltck 1167 a nd 3 167 are t rad emarks of Weltek Corp.
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••• THE HEAT EXCHANGER •••

If a user is ru nn ing DOE-2 and it aborts in DOL wit h the error message "Symbol Table
Fu ll" and/or " Exceeded Max for T his Item of n" , don't panic! The maximum number of
SCHEDULEs, EXTERIOR-WAiLs, WINDOWs, LAYERs, and CONSTRUCTIONs may be
increased. First , mak e the changes below [between the ruler lines] to th e end of file
uOKEY.vax" , Next , rebuild the 61e " DDLKEY.bi n" by runn ing t he command file
u@uvi key bdlkey". T hese changes are for 2.10. NOTE: The maximu m number
INTERIOR-WALLs is 112 and cannot be increased.

- . • -+- - - - 1 - _. -+ - - - -2- · · .+- - - -3 - - - -+- - - - 4 - " -+- - - - 5 - - - -+ - - - -6 - - - -+- - - -7- ·

' / •• - -. -.-- • •• - - - - - - s t.a r t fi le : DKEY.v a x •• •• ------ - - ••.• . • ••

• IDENT DKEYb i g

• / ••• a l l ow mo r e SCHEDULEs . EXTERIOR·\ \:.ti.L s. WIz.,.'OOVs . LAYERs , <X>t~STRUCT I Q.~s

' f .... al l ow 10 0 SCHEDULEs , WEEK· SCHEDULEs , 200 DAY- SCHEDULEs

· 0 LOLKEY . 7 3 , LDUiliY . 7 5

I SO IEDULE SO l I 76 0 100 . 0 .0 0 0

I\\EEK - SCHEDULE W- SClI 2 7 5 0 10 0 . O . o .
10AY- SOfEDULE O· SClI 3 74 0 200 O . O .

· 0 SOLKEY.263 , SOLKEY.26 5
I SCl lEDULE SCH 1 76 0 10 0 . 0 .0 0 . 0

l\\'EEK· SClIEDULE W· SClI 2 7 5 0 10 0 . O . O .

1DAY·SCHEOULE D· SCH 3 7 4 0 200 . O . O .
, . , _ • • • a l l ow 256 ID..."TER IOR-WALLs

· 0 LDLKEY . 24 9

I EXTERIOR·'\~-\LL E·W 1220 2 256 . O . O .
• , _ •• - al l ow 256 \\1r\IX}Ns

· 0 LOU.LY .27 5

IWI N[X),V WI 14 50 3 256 . O . O .
• , _. _. al l ow 6 4 LAYER comma nds

· 0 LDU \EY . 3 9 4

I LA'YERS LA 232 4 0 6 4 . O . O .

· 0 LOLKEY . 12 9

. , •• -. a ll ow 6 4 CONSTRUCTION command s

ICONSTRlJCr ION" CXJNS 8 22 0 64 . 0 0

. , _._ . i nc r e ase ma x u vn ame s to ~OO :'H~ ;)- »: ~,;'-;':.~·~-"·.~ ';: . j;-,;,~t;,, ;:,, .1~:,$. ....;:I ... 'i~...._
· 0 LOU(£)' 2

SLDL. 800

· 0 SDLKEY 2
SSOL 800

. , I n c r e a s e co ns ta n ts tab le l o r fun cti on s p r o c e s s o r t o 5 0 0

. , .-- 200 I s ymt 5 0 0 l c o n t 10 0 0 l litt 200 Il a b t
· 0 CTOL 35
SL.OS 20 0 5 00 10 0 0 200

. , •• • max II\'TER IOR ·WALLS must be 11 2 _ ( 9 0 0 , p · -I » , He READSS
· 0 LOLKEY 320

I I I\'TERlOR-WALL I -W 15 4 6 2 11 2 0 0

" -- • •• --- • • -- - - - - -- end file OKEY v ax .• •• • • • - • • • • ••• • - - - -

-· ·-+---- 1-·· · +----2-· ·· + ·---3--· ·+·- -- -1-· --+----5 - ···+· ·-- 6-- -·+· · ·- 7 -·
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M odcling Com p lcx Daylig h t.ing With DOE-2 .1C

M . Steven Baker
Oregon De p a rtment o f E nergy

Sa lem, OR

Daylighting is ofte n proposed as an energy conservation st rategy in new commercial
buildings. This paper will describe a dayll ghtlng analysis technique using some powerful
and genera lly unused features of th e DOE-2.1C com puter progr am in combination wit h
scale building mod els and/or detailed day light.lng calculations. This method was used to
mod el and analyze various daylighting options in severa l new utili ty office buildings con­
st ructed in Oregon.

(

Introduction
As part of a Bonneville P ower Ad minis tration fi eld test of energy efficient commercial
buil dings (Energy Edge Project), exte nsive design assistance was provid ed for a number
of innovative new commercial buildings in the P acific Nort hwest . T his design assis tance
included funding energy and engineering cons ultants a nd analysis . One of the progra m
requirements was hourly build ing modeling to determine anticipated performance of va ri­
ous conserva tion measures. Daylighting measures were significant compo nents of two of
t hese buildings and posed significant a nalysis problems. The Oregon Depart ment of (
Energy (ODOE) worked closedly with bu ilding architects, engineers, and consultants on
these tw o projects and provi ded both technical assistance a nd b uilding mod eling.

Exa mple Bu ildin gs Using D a ylight ing
These t wo new buildings used for analysis are both central offices of pub licly owned elec­
t ric ut ilities locat ed in Eu gene, Oregon . Both utilities are strong ly commit t ed to energy
conservation. T he Emerald Public Utility Dist rict (EPUD) bu ilding, as show n in Fig. I ,
was designed as a state-of-t he-a rt low ene rgy building. The EP UD buil di ng is a two
story struct ure with over 90% of the facility incorporating dayligh ting. Daylighting
design features inclu de high ceilings, perimet er light shelves , fixed louver and deciduous
vin e shading, high clerestory windows, diffusing cloth barnes, and low ambient target
ligh t levels. The EPUD building is const ructed of heavy masonry t hroughout with exte­
rior insulation . hollow concrete core floors used fo r night flush cooling an d morn ing heat­
ing wa rmup, and Indi rect light ing reflect ed from th e ex posed concrete ceilings .

This uliclf " 1.5 or igin ~lIJ publishffi In l hf PrOt:Hdinp 01 th f Solu E nu lJ' Soc:iftJ Conrfr ncf hf ld in Denv ee, Colorado ill Je ee.
19811.
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I. Night-Air F lus h 6. Finwalls fo r thermal mass , st ructu re.
and privacy.

2. C o nd it io ned Air S u p p ly 7. Co nd it ioned A ir Return

3. C le restory \Vindows for deep, 8. C o re-S lab Flo o r fo r thermal mass
even daylight penetration . and night air fl ush.

4. C o re-S lab Roof for ther mal Q. T re ll ises and Vines to control
mass an d night air flush. summer sun.

5. L ig ht S helves are used for eve n 10. Acou stic Barnes for so und
daylight dist rib ution; to provide absorp t ion.
soft, ambient indirect ligh t ; they
are. CRT compat ible; t hey provide 11. P aired B eam for air dist rib ution
task light at eac h desk. '

•, "

00 1}· ~.";_1

,
" , .

-

Figure 1. E P UD Duild in g Section
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The E ugene \Vater and Electri c Board (E \ VEil) building is a t wo-bu ilding complex. The
main so ut h building is a four s to ry office block wit h a central at rium with daylighting (
provided by north-faci ng sawtoot h clerestory windows. T he E \ VEB build ing also uses
perimeter light shelves, fixed overhangs, and movable roll-down shading screens. Bot h
th e EPUD a nd E\VEB buildings incorporate stepped dimming of ligh t fixtures to reduce
elect ric light ing. T his is genera lly accomp lish ed by turning off a bank of fluorescent
bulbs in mul ti-lam p fixt ures under computerized cont rols.

@ I J
Il
INFORMArKlN
SERVICES

I

C Co nference Rooms
1. Stairs
2. Elevators
3. Rest roo ms
4. Covered Outdoor

Smok ing Area
5. Drinking Fountain
6. Fire Ext Cabinet
I . Fi rst Aid Station
8. Copier
o. Co ffee Bar

10. Bulleti n Board

(

Figure 2 . E WEll Building Plan - T hird F loo r

F G H M

-- -'1

F igure 3. E \ VE U Build ing Da y lig htin g T es t Zones
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Da ylighting Analysis Limit a tions
Although DOE-2. IC supports day lighting better than most ot her hourly mod els , DOE-2
has the following Iimit.ati ons:

(1) day ligh ting is calculated accurate ly for only sim ple geome t ries:

(2) t he dayllt space must also contain the window or sky light; a nd

(3) complex or seasona l shading, barnes, a nd louvers ca nnot be easily a nalyzed .

DO&-2 and ot her sim ilar computer program s can calculate dayligh ti ng in a space for
simple geomet ries with side or top lighti ng. Daylighti ng calculations in DOE-2 use solar
geometry fo r the di rect component a nd the "split-flux" method for determining the inter­
nally refl ected component of daylight. For internally reflected light (the dominant com­
ponent in most building designs), the daylight transmitted th rou gh a side window is sp lit
into two part s--a downward flux onto t he floor and walls below an im aginary window
mid-plan e and an upward flux onto t he ceiling and walls above this im aginary mid­
plane. The fl ux onto t he ceiling is assumed to be sprea d evenly over the ceiling area .
The floor fl ux is also treated the same but because of t he low reflect ance values generally
ass umed for floo rs, t his floo r flux doesn't have much impact . T his split- nux met hod will
generally not be accurate for deep spaces (depth > 2 It height ). T his method ca nnot
accurately hand le complex dayllght.lng schemes using light she lves o r refl ective overha ngs
that are highly direct ional and force more light onto the ceiling.

A second and more severe limit ation to daylighting analysis with DOE-2 is that the day­
lit space (INAC zone] must contain the window or skylight providing t he light. DO£-2
does not suppor t light sharing from one zone to another. A commercial building might
bave a typical perimeter zone of depth 12 to 20 feet. Intern al zones provided with day­
ligh ting shared from an adjacent perimet er zone can't be analyzed. A multi-story atrium
providing dayllghtlng to adjacent spaces poses a similar pro blem. Generally, even the
atriu m space cannot be ana lyzed pro perly. T he E\VEB build ing (F igures 2 and 3) has a
fou r s tory cent ral atriu m space. For IN AC modeling, the floor zone of t he at rium is a
comp letely different comfort zone from t he top spa ce wit h t he actual sawtoot h cleresto ry
windows and associated gla zing/ infiltration skin losses and gains.

Yet, the more commonly pro posed dayllght .lng st rategies (light she lves, a t ria) fall into
these problem analysis areas . Fort un ately, DOE-2. IC int roduced a powerful F UNC-
TIO~ exte nsion that may be used fo r dayll ght.lng a nalysis in these cases. .

Using F u n ct io ns in DOE-2. 1C
The FUNCTIONS mechan ism was added to the LOADS module in version 2.1C of
DOE-2 to extended t he prog ra m for com plex designs not covered by t he s t a ndard o ptions
built into DOE-2. T he r UI':CTIONS mechanism includes severa l features:

(1) the ability to access va riables wit.hin the LOADS a nalysis progr am duri ng t he
simulat ion;

(2) t he ab ility to ma ke new calcula tions using t hese LOADS variables for reporting
and debugging;

(3) t he o pt ion to replace cert ain calculated variables in the LOADS mod ule; and

9



(.1) a buil t-in inter preter supporting a pseudo-FORTRAN dialect for calculation (
purposes during the hou rly LOADS simula tion.

Using F UNCTIONS, a building modeler can replace th e ca lcula ted va lue for cer tain va ri­
ables in the LOADS module during the simulat ion based on other LOADS varia bles. To
an alyze complex daylighting, a user-defined F UNCTION can be designed to replace the
DOE-2 calculated daylight values with data from eit her scale building models or much
more sophist icated daylight illuminan ce calculation programs such as SUPERLITE. The
technique used with the two example buildings was based on using scale b uildi ng model
st udies.

During the design phase, scale models were constructed of sect ions through both build­
ings for daylight modeling. These scale models were tested un der di ffuse and clear sky
conditions to determ ine daylight facto rs. T he University of Oregon (Eugene, Oregon )
has an artificial sky facility but it is limited to modeling diffuse sky condit ions. For
direct sun, th e daylight factors were measured outs ide on clear days at various locat ions
with in the model with vary ing so lar alt it udes an d azimuths. Based on th ese scale
models, daylight F UNCTIONS were const ructed for use in DOE- 2. The daylight FUNC­
TION th at was used is based on determi ning t he interior light levels from daylighting by
int erpolatin g values based on so lar altit ude and azimut h. Two sample fun ctions are out­
lined below.

The fi rst example is for a simple north-facin g perimete r space in the EPUD building with (
int erior light shelves. A north-south build ing section is shown in Figure 1. In this case,
t he daylight ing was approximated as a fixed daylight factor times the outside horiw nt al
illuminan ce. This daylight factor was measured from scale model st udies under overcast
skies. The daylight factors measured under direct sun conditions were similar enough to
th e diffuse conditions that for simplicity, t hey were not used. T he changes to th e DOE-2
SPACE commands and th e act ual daylight FU NCTION used are shown in F igure 4.

A few comments would be helpful in understandin g the overall scheme and DOE-2 input
data semantics. The dollar sign ($) is used in DOE-2 input language as a comment del­
imiter. The internal DOE-2 daylighting ca lculations are enab led with t he SP AC E com­
mand DAYLICHTINC=YES. DOE-2 supports divi di ng" ~n HVAC zone lnto two par ts
with separate daylight levels for each pa rt. The size o f each par t of the HVAC zone wit h
dayllghtlng is not fixed by th e progra m-the default is ZOl\'E-FRACTIONI to be 1
(100% of t he space). For DOE-2 's internal daylight calculations, th e location
(LIGHT- REF- POINT) of th e cont rol point and the t arget light level
(L1CIIT- SET- POINT ) in Iootcandlcs must be specified. T he type of dimming sys tem
(LiCIIT- CTRL- T YPE) must a lso be set. If stepped dimming is s pecifi ed (as opposed to
continuous dimming), t hen the num ber of fi xed s teps must be noted.

c
10



I FIRST T il E ADDI T IO NS TO T ilE SPACE COMMAND FOR DAYLI GIITING

I-NORTII-PER ~ SPACE

I TIlE NORMAL SPACE CO~I1IAJ','DS

DAYLIGIITlNG ~ YES
L1GHT-REF-POINTI - ( IB6.B2,3)
L1GHT-SET-POINTI - 30
L1GHT-CTRL-TYP EI - STE PPED
LIGHT-CTRL-STEPS _ 3
ZO!\'E-FRACTIONI = I
DAY-ILLUM-FN ~ ('N01\"E'. ~lEAS-I-N-PER)

I LOCATION OF REF IN X,Y.Z
I SET PT IN FOOTCANDLES
I STEPPED DII.I1 I1NG
S OFF, 1, Ml) TWO BULBS ON
I ALL OF TIlE SPACE
I USER-DEFI1\"ED FUNCTION

l-DAYLIGIITING FUNCTION FOR NORTII SPACE WITII L1GIIT SIIELF
FUNCTION
NAME - MEAS-I-N-PER
LEVEL - SPACE __

I FIRST \\"E ASSIGr-."ED TIlE LOADS VARIABLES WE WILL USE IN TilE CALCULATIONS.
I FOR CONVENIENCE, USE TilE SMIE NMIES BUT LII.lIT TO SIX CIWlACTER NAMES,
I TilE LII.fiT OF PSEUDO-FORTRAN

ASSIGN OIlISKF - OIlISKF

C1 I1SKF - CIIISKF

m sur-.l' - IIISUNF
ILLUMI ~ DAYLIGIIT·ILLUMI __

I IlORIZONTAL ILLUMINANCE FRO~1

I OI"ERCAST PART OF SKY
S IIORIZDNTAL ILLilloUNAJl:CE FRO~I

I CLEAR PART OF S~-Y

S HORIZONTAL ILLID.lINANCE FRO~I SUN
I DA)1,IGIIT ILLUMINANCE
I AT REF. PT I (FOOTCM'DLES)

CALCULATE . . I NOTE. r-.u" 1\\0 Ll r-."ES MJST BF.GIN IN COLlt-N 7
I LLlMI ~ _BO' ( III SU1\l'+CII1SKFt<lI II SKF ) ' .0 . 0 3 6 ... ... . .
El\D . . .. .~...- ... . '.>~ p. - •.•.-c... ..-...~..,.'--? ;.:;. • . :..-.,-. "'"'... -ev .• ,_ ..

EI\D . Fl.Ji\CT I O;-.J ..
- - - - +- - - - I - - - - + - - - - 2- - --+- - - - 3- - - - + - - - - 4 - - - - + - - - - 5- - - - +- - - -6 - - - -+- - - - i

Not e that 0.036 is the measured day light facto r from th e scale mod el for overcast co ndi­
tions . Th e .80 v alue adjusts the measured mod el dat a for losses in visibl e light transmi s­
sion t hrough do ub le glazing.

Figu re -1. EPUD Use r-Defi ned Dayl igh t Fu nct io n fo r N orth Pe rim e ter
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T he daylight .i ng function to be used in a zone (SPACE) is set with the OAY- ILLUM-F N (
command. OAY- ILLill\ l- F N is a special 0 0 E-2 function which determi nes t he hou rly
daylight illu minance and glare index at each reference point in a space. The command
takes t he na me of a user-defi ned fun ction to be called before the int ernal DOE-2 dayligh t
calculations and a function to be called afte r 00&2's own calculations . The specia l
name *I\'Oi\TE* is an internal nam e for not calling a function . In our case , we inser t a
fun ction to be called af ter th e 00E-2 in t ern al calculations so we ca n replace certain day­
light ing loads va lues. The same dayllgh tlng fun ction ca n t herefore be used by seve ral
similar zones. Alt hough this scheme provides a grea t deal of flexibility, the DOE-2 inter-
nal calculations will be performed even if all t heir associated out put val ues are replaced.

The actual FUNCTION to be invoked must be defi ned later in the input data deck afte r
all of the ot her LOADS information. T he current DOE-2 im plemen tation supports up to
100 user-defined fun ct ions. A fun ction is delimited by t he F UNCT ION an d
EI\1)-FUI\'CTION statement. The F UNCTION command has t hree parts:

(1) name and use infor mation;

(2) an assignment section for assigning nam es of variables used from t he simula­
tion; and

(3) a calculation section supporting a pseudo-FORTRAJ'I\ interpreter.

The fun ction NAME assigned will be how a pa rti cular functi on is referenced in th e
DOE-2 LOADS in put data. The LEVEL refers to at what "level" of the simulation this (
particular fun ction applies. Functions are contained withi n th e hourl y loop of t he DOE-
2 simulation. F unctions can apply at the ent ire buil ding (I3UILDIN'G or BLDG) level,
th e HVAC zone (SPACE) level, or at th e compon ent level (EXTER IOR-WALL,
UNDE RGROUl\'D- WALL, WIl\'DOW, or DO OR). In our example wit h LEVEL =
SPACE, th e fun ction would be performed within the hourly space calculation loop of t he
DO£ -2 simulation.

Va riab les used within a user- defi ned function are declared th rough th e use of th e
ASSIGN command . T hese local va riab les or t a ble va riables are limited to 1-7 character
names chosen by th e user (pseudo-FORTRAN]. In our example, the local va riables have
genera lly been assigned th e sa me name as the DO£ -2 LOADS va riable they s to re. The
CALCULATE sect ion begins t he actual pseudo-FORTRAN statements that will be inter­
preted at runtime. Clearl y, simulation times will increase with the number a nd complex­
ity of F U;\CTIONS used since th ese are inter prcted. The typical speed of an interp reted
vers us compiled section of code is usuall y one to tw o orders of magnitude (10 to 100
times) s lower.

The second example (Figure 5) is the more useful case illus trating daylight .ing a ffected by
sola r al tit ude. This fun ction was used for a so ut h-facing interior zone in t he E\\'Ell
building receiving light sha red from an adj acent perimeter zone with light-shelves. A
sa mple building sect ion is shown in Figure 3. T his case illustrat es using a dayli ghting
FU;,,\CTIO~ based on iu tcrpolat .ing from a table for determining t he daylight.lng factor
from solar altitude. The d aylight function uses a psC'udo-FORTRAN fu nction C
PII1.(tab le,value).

12



'.

S-DAYL IG IITING F UNCTION F OR INT E R IOR SOUT H SPACE

FUNCTION

NAME - MEAS·2-S0 UTII

LEVEL - SPACE ..

I ASSIGN LOCAL VARfABLES USED

ASSIGN PI ISUND ~ PIISUI\'D

OHISKF - OIllS KF

CIIISKF - CHISKF

HISUNY - IIlSUJ\T

ILLUMI - DAYLIGHT- ILLUM I

I SOLAR ALTI TUD E IN DEGREES

I IIO RIZONTAL ILLUMINANCE FROM
I OVERCAST PART OF S,,"'Y

I IIORI ZONTAL ILLUMINANCE FROM
I CLEAR PART OF SKY
I IIORIZONTAL ILLUMINANCE FRmt

I SUN
I DAYLIGHT ILLUMINANCE
I AT REF. P T I (FOOTCANDLES)

I NOW OUR TABLE OF ALT ITUDE AI\'D DAYLIGIIT FACTORS FR OM SCALE MODEL

CLDF I - TAB LE (0,"") (10,.038) (45, .00 1) (70, .055) ..

CALCULATE .. I NOTE : NE>..'T llffiEE L I NES ~lJST DEG I N I N COLlM" 7
IO IRJ I ~ IlI SUNF + ClI I SKF I CLEAR S,,"'Y I LLl Ml l'W':CE
ILLl MI ~ . 8 0 ' ( I'\\L(CLDF I , PIISUNl) ' IO I RlI + 0I I1 SKF ' .0 19)

END
END- fUNCT ION ..

- _. -+- - - - 1- - - -+- - - -2- ---+- - - -3- - - -+- -- - -1 - - - -+- - - -5- - - -+- - - - 6- -- -+- - - -7

Note t hat 0.019 is the measured daylight factor from t he scale mod el for ove rcast condi­
lions. T he CLDF I (clear day factor) t ab les values a re from measurements at va rious
solar alt it udes. The .80 value adj us ts the measured data for losses in visib le light
t ransmission through double glazing.

Figure 5. E \VEB User- Defi ned Daylig ht Fu nction for N o r t h P erimeter

In DO£-2. P \VL is a built-i n utility function that does a piecewise linear int erpolation
from a table based on t he va lue. T his routine is very usefu l in DOE user-defined func­
tions providing a simple mechanism to inter polat e data from a table. \ Vriting equivalent
pseud"FORTRAN code in a user-defined function will run muc h more s lowly, since it
would be interpreted. Unfo rtunately, no equivalent fun ction is available to interpolate
from a two dimensional tab le. Such a featu re would be ideal for daylight .ing calcu la­
tions . T he most genera l user-de fi ned function would int erpolate fro m a table of daylight
fact ors based on al tit ude and azimuth. A two dimensional in terpolation must be written
in pseudo-F'OftTRaN and interpreted at runtime.

It is interest ing to note th at t his technique is in fact t he mecha nism used internally by
DOE-2 to calcul ate th e daylighting availahl e at any hou r. Defor e t he st art of the simula­
tion, a tab le of daylight factors for a window a re calculat ed based on so lar altitude and
azimuth. The hourly space loop uses these precalculated tables for interpolation at simu­
lation runtime.

13



Not e th at the 008-2 SPACE definition in our second exa mpl e contains a " dummy" win- (
dow of sma ll size. One limitat ion of t he F UNCTION mecha nism as current ly imple­
mented in DOE-2 is that a normal DOE-2 (intern al) daylight ing calculation must be per­
form ed to be abl e to use th e FUNCTION. Therefore. a window (in this case a small
du mmy) must exist in t he SP ACE for D 0 8-2's defa ult calculat ions to work. I have sug­
gested to LBL a mechani sm to disabl e t he internal calculations if th ey are to be rep laced
anyway by a FUNCTION value. Hopefu lly. t his feature will be added in a future revi-
sion.

R esul t s and Concl usio ns
Our experience usi ng his meth od for ana lyzing complex daylighting has been successful.
Reports available from th e D08-2 simulation provide useful monthly summaries for the
percent of lighting energy reduction, average daylight illu mina nce. hours lighti ng above
setpoint, and glare info rmation . Another report also depicts a summary of energy reduc­
t ion by hour of day versus month. Using t his informa tion. t he buildin g designer can
make bett er informed decisions on th e dayli ght features such as win dow sizes and floor
to ceiling heights and t heir impact on estimated energy savings. For example, t he win­
dow sizes below t he light shelves in t he EPUD building were significant ly reduced based
on the results of scale models and 0 0 8-2 sim ulations. T he orientat ion of the sawtooth
cleresto ries in th e E\ VEB building were changed from so ut h to nort h-facing.

One of th e major d raw backs in usin g t hese t echni ques is th e cost (time and dollars) of
t he scale buil ding models for day lighting st udies. The cost of each build ing model and (
measu rement st udy was several t housand doll ars. Althou gh this ca n become a consider-
able expense on a small design process, t hese models have also proved useful in providing
Qualit ative feedback to t he design team on daylight issues. T he limit ation to these
models is th at they are not easily changed. If t he sca le measurements and DO£-2 results
indicat e that ceiling heights can be lowered, this can become a cost ly model change to get
revised daylight facto rs. The ideal scheme might use an initi al scale mod el in conj unc-
tion wit h some second or t hird generat ion daylight a na lysis program like SUP ERLITE to
calculate daylight facto rs for small cha nges.

Both of these bui ldings are being monito red over a t hree year period . In addition .
det ailed build ing audits are being conducted every 6 months to ca pt ure schedule inform a­
tion and note changes or pro blems wit h equipment. " From th e prelim inary data collected
t hus far, t his analysis met hod is most limit ed by t he act ual controls inst alled and
ope rated in th ese buildings. Alt hough t he light ing cont rols in both buildings were con­
side red reaso nable st ate-of-t he-art ,v'hen bid. t hey should be considered primitive by
microcomputer st a ndards .
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Th e Simulation Resear ch Group is in the process of preparing a Basic Ma nuel, whi ch will
cover the essentials of preparing st andard DOE-2 inputs. T he Basic Manvel is scheduled
for comp letion mld- I990. It will be a s tand-alone piece of documen tati on directed at t he
new user. Avail ability of the Manua l will be announced in the User News; it will be
offe red for sale th rou gh t he Na tional T echnical Informat ion Service.

\ Ve are planning to excerp t sections from the Basic Afanual cha pter on System T ypes in
thi s issue and in the next t wo issues of the User News. Fo r each system type t he follow­
ing infor mation will be pr esented: (1) a sho rt descript ion of the syst em; (2) a schemat ic
diagram of t he syste m, on which we have keyed the syst em components to t heir associ­
ated keywords using circled nu mbers ; (3) a suggested minim al input for a r-zone build­
ing; and (·1) a list ing of additiona l capabilit ies for the sys tem a nd the keywords that
enable them. In t his issue we present system types PIU. Hl", a nd VAVS.

DOE-2.1D B a s ic Manual (

P owered Ind uction U n it (P IU)

The basic Powered Induction Unit (PIU) sys te m. illustrated below , consists of a cent ral
air-handlin g un it with filter (not shown), cooling and o ptional heating coils , and a d raw­
th rough t ype supply air fan . A ret urn air fan is also usually used . E xhaust fan(s ) are
opt ional for any or all zones.

Powered induction boxes a re availabl e in two configurations: series and parallel.

.......................... ........................................................................................................................ . (
@@
HEATlNG
con.

r.; - - -l
lHUMIDI• •
I F[£R 1
, I, , ~l,."PPLYOO

iR£Af" --,
escov I
('0 I
I I

I<R

EXJlAU511 c :
AIR , ,

'r.;;,-- .J
~

"'"XEDAm
CONTROLS

r-- - ----,
l RETN ~l
I r AN ~ I
I I,, ,, ,
L -.J

I ~I

I \!.!J I
'- -I

TO ADDITIONAL ZONES

@
,r,;o;o;;;';MEil
~:= _ ...J

- I r f ~ S S""~~ l ~ DA~MfP , no,s
A ~ E O' 1 1 0 ~. l (O~'ON£ ~IS

...................................................................................... ........................................................ .... .. . .
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The suggested minimal input for P IU with economizer is shown Ior series type uni ts
configured like th e sketc h below. Note: th ere must be more than one zone.
.. ............ .

~seCOndary

\l\ Primary 3
\ -ro ¢ "Q)

,\ I
I\.. ./

- I
-

Series PI U
................................- - .............................. ................... ....................................................................... .....................
IN ' UT SYS1Th!S

S SYS1Th!S SCHEDULES

FA.'IS -O:; - SCIIEDULE llffiU DEC 3 1 (\\0) ( 1,7)(0) ( 8, 18)(1)

( 19 ,2 ')(0)
(\\EII) ( 1,2 ')(0)

OOOLSETPT - SCHEDULE llffiU DEC 3 1 (\\D)

(\\ElI )
IlEATSEll'T - SClIEOULF. TIIIW DEC 3 1 (\\0)

(\\EII )

( 1 , 7)(99) ( 8 , 18)(76)
(1 9 , 2 ·1) ( 9 9 )
( 1 ,2 ' )( 9 9 )
( 1 , 7 )( 5 5 ) ( 8, 18 )(72)
( 19 ,24)( 5 5 )
( 1,2 ')( 55)

CORE ~ ZONE

CD

OFFICE ~ ZONE

o

DESIGN- lIEAT-T ,".
DESIGN- COOL- T
IIEAT-TE~lP-SClI

COOL-TE~IP-SClI

TER~lINAL-TWE
CFM/ SQFT
OA-CFi\ t j PEI1

LII;E COn E
TEn~ lI NAI ,-TYI } E

ZO:\'E-- FA~'\l · RATIO
ZO:\'E--rAI'~-KW

I:\UUCED-AIH-ZO:\'E
REIIEAT- DELTA-T

~ 72
'..... ". ,"", " '''':'"_='~' -.,,' s-\" "

..
- ' •- 7.

il EATSETPT)Q)
~ COOLSETPT- SVAv0
~ ,7

15 ..CD
- SERIES-PIU

- l0003J~
CORE 0

~ 55 .. Gj)
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Example input is shown for parallel type units like the sketch below:

::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: :::::::::::::::::
(

Parallel PIU

-Cll
<IJ
I

~mmm Secondary

Primary

......... ................................... ...... .... ........ .................................................................................... ... .... ..... ........ .................. .... .. .... ......................................................................................

' ''PUT SYS1ThlS
I SYSTE1>lS SCHEDULES

FANS - ON ~ SCllEDULE 11UW DEC 3 1 (\10 ) ( 1 ,7)(0) (8, 18)( 1 )
( 19 ,2 -1)(0)

(\lEll ) ( 1,2 4)(0 )

(

.

COOLSETPT ~ SCIIEDULE 11lRU DEC 3 1 (\10 )

(\lEII )
HEATSETPT ~ SCIIEDULE 11lRU DEC 31 (\10)

(\lEll)

( 1 ,7)(99) ( 8, 18)( 76 )
( 19 .2 4 )( 99)
(1 , 24)( 9 9 )
( 1 ,7)(5 5) ( 8 , 18)(72)
( 19,2 4)( 55)
( 1 ,2 4)(5 5)

START-Z~FAN ~ SCIIEDULE TIIR U DEC 31 (WO) (1.7) (55) (8,18) (73) (19.21) (55)
(WEII )(I ,21) (55) ..

cona -, ZONE

G)
Df':.SIGN-IIJ::AT - T

Dr~IGN-COOL-T
IIEAT-TE~U'-SCII

COOl~TE~lP -SCII
TERMINA I~rvr-e
OA-CF~ I/PER

18
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j ·l

I lEATSETPT~

COOLS&TPT...f\.V
SVAV 4
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OFFICE - ZONE

CD

AC-SYST - SYSTEM

LIKE CORE
TERMINAL-TYPE
ZONE-FAN- RATIO
ZONE-FAN-KW
ZONE-FAN- T-SCH
INDUCED- AIR- ZONE
REIIEAT- DELTA- T

SYSTEM-TIl'E
MAX-SUPPLY-T
IIEAT- SET-T
MIN- SUPPLY- T
1\1GIIT-CYCLE-CTRL
FAN-SCIIEDULE
RETURN-STATIC
RET\JRN-EFF
OA-CONTROL
ECONO-LIMIT-T
~lIN-CHI-RATIO

ZONE-NA.\IES

PARALLEL-PIU

.8 J CD

.00033

STARRFAN<D
CORE~

SS ..@)
PIU

110~
7O- V
SSG
ZOI\"E-FANA?I\'LY @
FANS-ONQ!j

1.0\fi2\
.ssfi::/
TEMP""'v"::\
68 ---..f'8I
3@

(OFFICE) .-0
END ..

COMPUTE SYSTEMS ..

INPUT PLANT ..

PLANT-REPORT SUMMARY ~ (BEPS) ..

SIIW - PLANT- EQUIPMENT
IIWG _ PLANT- I, QUIPMENT
CIIR _ PLANT- EQUIPMENT

TIl'E ~ DHW-IIEATER
TWE ~ HW- BOILER
TYPE ~ HERM- REC- CIILIl

SIZE - · 999 ••
SIZE _ -9 99 ••

SIZE ~ · 999 •.

PLANT-PARAM ETERS BOlLER-FUEL - NATURAL- GAS
IIERM- REC-COND-TWE ~ AIR ..

END •.

CO\ IPUTE PLANT ..

ADDITIONAL CAPABILITIES for P lU system:

1) To enable an exhaust fan add the keywords EXI-L-\UST-CFM = Value @
(CFM) and E:-.tL\UST- KW = Value (.OOO! is typi cal] to t he ZONE keyw ord list .

2)

3)

To enable a h umidifier which requires heat to evaporate water into th e air
ad d MIN-l1U~lID I TY = Value (25% is ty pical ) to the SYSTEM keyword list. <iV

To enable heat recovery to exchange relief air heat wit h o utside air heat add
RECOVERY- EFF ~ Val ue (0.6 is typical ) to t he SYST EM keyword list. @
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~ ) To disable the economizer cha nge the OA- CONTROL = T EMP @
to OA-CONTROL = F LXED.

5) To reset the supply air as a function of outside air temperature see an
example of this cont rol in t he SAMPLE RUN BOOK,
31-Story Ollice Building, Run I.

6) To enable control of maximum humidity whenever the supply air
temperature is reset, insert MA..XIMUM-HUMIDITY =

Value (60% is allowed in the new ASHRAE @
OO. IP Standa rds) in th e SYSTEM keyword lis t .

7) Simulatin g baseboard heat in lieu of or in addition to reheat coils is
demonstrated in the SAMPLE RUN BOOK, 31-Story Offi ce Building,
Runs 2 and 3.

(

8) To enable variable speed control of the fan motor,
insert FAN-CONT ROL = SPEED in the SYSTEM keyword list . @

. ,
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Un itar y Hydronic Hea t Pump System ( liP )

The Unitary Hyd ronlc Heat Pump System, illustrated below , provides heating and cool­
ing for a number o f individually controlled zones by o perat io n of heat pump units
located in each s pace to be condit ioned . Each heat pump unit may provide a fixed quan­
tity of o utside air ventilation, or merely recirculate conditioned ai r. Each heat pump
consists of a refrigerant compressor, a roo m air-to-refrigerant hea t exchanger, a work ing
fluid-to- refrigerant heat exchanger (connected to t he pipe loop), cont rols to swit ch the
evaporat ing and condensing fu nctions from o ne heat exchange r to the o the r, a su pply ai r
fan, a nd a two-set-point ZONE thermostat . When the heat pump is in t he roo m heati ng
mode of o perat ion , the roo m air-to- refrige rant heat exchan ger is used for refrigerant con­
densin g. In the room cooling mode, this same heat excha nge r is used for refri gerant eva­
porating. Each heat pump provi des dehumidificatio n in the cooling mode but has no
dehumidifica tion cont rol.

T emperatu re is controlled in each zone by on-off operation of the heat pum p unit (fan
and compresso r). The ty pe of th ermos ta t used for t his system has two individual set
points. The heat pump uni t p rovides cooling wh en space temper ature increases to the
upper set poin t, and heating wh en the space temperature falls to the lower set point; it
does not opera te when s pace temperature is between set points. If outside air is s pecified
the fan operates continuo usly: ot herwise, t he fan cycl es on and off wit h t he refriger at ion
compresso r. A piping sys te m with circulat ing fluid is connected to the water-to­
refrigerant heat exchange r in the heat pump. The circulating fluid absorbs heat fro m
those uni ts that are operating in the cooling mode, a nd gives up heat to those uni ts that
are operat ing in t he heating mode. Because some zone uni ts may be cooling, whil e ot hers
are heating, the te mperat ure of t he fluid circulating will depend o n the relati ve qu an tities
of each. \ Vhen cooling demand exceeds heating dem and and the fluid temperature
increases to the highest allowable val ue (see keyword t\.1AX-FLUID - T in the
SYSTEM-FLUID instruction), heat is dissi pated to t he atmosphere throu gh an evapora­
tive cooler (or a cooling tower). \Vhen heating dem and exceeds cooling dem and and the
fl uid temperature decreases to the minimum allowable valu e (see keyword
MIN-FLUID- T in t he SYSTEM-F LUID ins t ru ct ion ), hea t is added fro m a boiler or
ot her heat so u rce. No heat is added or rejected wh en heating and cool ing requi remen ts
balan ce. The most commo n hyd roni c heat pump syste ms maintain the water in t he cir­
culating loop between GO~ and OO°F. The heat rejection uni t (evaporative condense r or
cooling tower). heating un it , and .circula ting pump a re simula ted by the PLANT pro-- . ~ -- - ,.
gram.

\I, ,
, -.J

11(" \ SHC1<o " ' " DU.. t D I O_U
. ~ E O'T IOh4L C~'Ohf " IS

I OlTTSIDEI
LA~ _ _ I

®

(g)

@io !JIl l-
TO ADDITION ZO:-U
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\

SUGGESTED MINIMAL INP UT for l IP

INP UT SYSlThlS
S SYSTE}> 1S SCIlEDULES

FANS -ON ~ SCIIEDULE rimu DEC 3 1 (\10) (1 ,1)(0) ( 8 , 18)( 1 )
( 19 ,2 ') (0)

(\lEIl) ( 1 , 2 ')(0 )

(

COOLSETPT _ SO IEOULE TIffiU OEC 31 (\10)

(\lEIl )

IIEATSETI'T - SO IEDULE TIffiU DEC 3 1 (\10)

(\\EIl)

( 1 ,1) (99) ( 8 , 18 ) (1 6 )
( 19 ,2 ')( 99)
( ',2 4)( 99)
( 1, 1)(55) ( 8, 18 )( 12)
( 19 ,2 ')( 55)
( 1 ,2 4)(5 5)

ZONE-NAMES

OFFICE = ZOi\'E

AC-SYST = SYSTE M

DESIGN-IlEATooT ~

DESIGN-COOL-T -
I IEAT-TE~1P-SCII ~

COOL- TEMP-SCIl
OA-CFM/ PER ~

SYSTE!l.I-TYPE -
MAX- SUPPLY-T -
MIN-SUPP LY- T ~

N1GIIT- CYCLE-CTRL
FAN-SCIIEDULE ~

MIN-FLUID- T -
MA.X-FLUID-T
FLUID-IlEAT-CAP

14

IlEATSETP T) 1.'\
COOLSETPT \.!.J
15 .-0

l IP
1100
55-Q
CYCLE-ON-ANYG)
FANS-ON@

60::0
ooG)
(esti mated Ibs of water in sys tem

+ that in any sto rage tank ) ®
(OFFICE) .. @

(

ENO ..
CO~IPUTE SYSTE~IS . ,
INP UT PLANT ..

PLANT-REPORT SUM~t'RY ~ (BEPS) ..

SIlW - PLANT-EQUIPMENT
IIWG = PLANT- EQUIPMENT
\VCL - PLANT-EQUIP~I El':T

TYPE ~ DIIW-IlEATEIl
TYPE ~ IlW- BOILER
TYP E - COOLll':G- T\\'1l

SIZE = · 9D9 . .

SIZE = -999 . .@
SiZE = -999 ..@

PLA!''T-PA.RA.\IETERS BOILER- FUEl.. = NATURAL-GAS ..

El':D ..
COMPUTE PLANT ..

ADDITIO NAL CAPABILITY for HI' system:

I) To enable an exhaust ran add the keywords EXJlA.UST-CF~ 1 = Value (CF~ I) and C
EXHAUST _K\\r = Va lue (.000 1 is typ ical) to th e ZOi'\E keyword list (not s how n).
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Variable-Vo lume F an System w/Optional Reheat (VAVS)

The Vari ab le-Volume F an System is illustrated in the schema tic below. In its most basic
configuration, it consists of a cent ra l air-ha ndli ng unit with filter (not shown), cooling
and optional heating coils. a nd a draw. th rough type supply air fan. Exha ust fanes) are
optiona l for any or all zones, A du ct system distributes supply air {at a temperature
det ermined by the user} to variable-air volume (VAV) terminal units, locat ed in the
zones being served.

T he VAV boxes (controlled by a room thermostat) vary the amo unt of prim ary air
to the space to contro l tempera t ure. \ Vhen th e space demands peak cooling, th e VAV
box allows maxim um ai r flow. As space cooling requirements diminish, th e primary air
ftow to the space is reduced proportionately to a specified minimum flow rate. If less
cooling is required tha n th at given at minimum air flow, t he reheat coil is activated (if
specified). \ Vhen in the heating mode, the supply air flow rate is held at a constant
value equal to MIN-CFM-RAT IO. T he supply air flow rate will rise above the
MIN-CFM-RATIO only .] the user hss set THERMOSTAT- TYP E ­
REVERSE-ACTI ON. The Dtu equiva lent of th e moisture th at is added to t he air
stream, to maintain a minimum humidity, is passed to the PLANT program as a heatin g
load.

SUPPLY
rAN

I Dub~4 bo" ... COU "' . I
I O ptlOlU.l compoll tD l.I I

r.:: - - -,
lHUMID- I
IIFIER l
I I
I I

TO OTHER ZO!'t'ES

PREIIEAT
COIL

PH
C

r --- --,
I RETURS 1
I FAN I
, I

MIXED
' Dl
CO NTROLS

,, ,
:® '[',; .J

@d
\!V

I
I,.

c

£XH
ADl - -- ,-

I
I
t ,

IHtAr,
IREeOY I
co I
I IEXHAUST

AJR

'\lEAf ,
IREeov I _ . - --,
leo I I [CONe- I

OtrTSIDE I I 1,.·m ER I

ADl - F:J.!!~!!-l=::::::F;r==:~f;!!f=====;;;;:;l
@I I"

L_~L_

~

RE'I1IRN
ADl
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SUGGESTED MINIMAL INP UT for VAVS

I N'l!T SYSTE\lS
I SYSTalS SCHEDULES

FANS - ON ~ SCHEDULE T1 ffiU DEC 3 1 (\ '0) ( 1 . 7 )(0) ( 8 , 18)( 1 )
( 19 , 2 4) ( 0 )

(\\EII) ( 1,2-1 )( 0 )

(

C'OOLSETI'T ~ SCHEDULE T1lRU DEC 3 1 (\\D )

(\\EII )
IlEATSETPT ~ SCHEDULE T1ffiU DEC 3 . (\\D)

Ei\1) . .

Co\lPUTE SYSTEMS ..
II\1'UT PLANT ..
PLANT- REP ORT SUM~IARY _ (REPS) ..

OFFICE - ZONE

AC-SYST ~ SYSTEM

(\\EII )

DESIGN-HEAT-T ~

DESIGN-COOL-T ~

IlEAT-TEMP- SCII _
COOL- TEMP-SCH ~

THERMOSTAT- TYPE
OA-CFM/ PER -

SYSTEM-TYPE ~

MAX- SUPPLY-T _
IIEAT-SET- T -
MIN- SUPPLY- T ~

NlGIIT-CYCLE-CTRL -
FAN-SC IIEDULE ~

RETURN-STATIC ~

RETURN- EFF -
OA-CONTROL -
ECONO-Ll'lIT- T ~

MIN-CFM-RATIO ~

RElIEAT-DELTA-T ~

ZON&-NAMES , " r, J.O,~, =

( 1 ,7 ) ( 9 9 ) ( 8, 18 ) ( 7 6 )
( 19 .24 ) ( 9 9)
(1 .24 ) ( 9 9 )
( 1 . 7 )( 55 ) (8 . 18)( 72)
(1 9 ,24 )( 5 5 )
( 1 ,2< )( 5 5 )

'"7·\

IIEATSETPT\r\
COOLSETI'T ../\!..J
REVERSE-ACT IONG)

15 .. CD
VAVS
110 0
70~550
CYCLE-O N-FffiS'I(2)
FANS- ON®

15~)0

TE211' r:>.
68 ®
.3 11

5S 2::::@
,),.-;' (OFFICE) _@ ;~( .,..f~ ~ ,.., ••

(

SII\\' = PLANT- EQUIPr>. IENT
I I \\' C = PI,ANT - EQUIPI\IENT
CIIR ~ I'LANT-EQUIP ~ I ENT

TYPE = DII\\'- IIEATER

T YPE = " \V- BOILER
Tl"PE = II r:m.l - HEC~CI ILH

SI ZE = -fIDD ..
SIZE = -!J9!1 ..
SIZE ~ -909 ..

PLANT-PAnA~ IETERS BOILER-FUEL = NATUR.AL~GAS

IIERl\I- I1EC- COI\'D- TYPE = Am _.
EI\"D ..
Co\IPUTE PLA:--:T ..
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,
ADDITIONAL CAPABILITIES for VAVS syst em:

I )

2)

3)

To enable an exhaust fan add the keywords EXl lAUST-CFM = Value @
(CFM) and EXHA UST-KW = Value (.000 1 is typical ) to the ZO NE keywor d list .

To enable a humidi fier which requires heat to evaporate water into the @
ai r add MIN- HUMIDITY = Va lue (25% is typical) to t he SYSTEM keyword list .

To enable heat recovery to exchange relief air heat with outside air @
heat add RE COVERY- EFF = Value (0.6 is typi cal) to the SYSTEM
keyword list.

-
4) To disable t he ecooomizer change the OA- CONTROL = T EMP @

to OA- CONTROL = FIXED .

5) To reset the supply air as a function of outside air temperatu re see example
of this control as shown in the SAMPLE RUN BOOK.
31-Story omce Building, Run I.

6) To enable control o f maximum humidity whenever the supply air temperature
is reset, insert MA.XL\l UM-HUMIDITY = Value
(60% is allowed 90.IP) iu th e SYSTEM keyword list.

7) Simulating baseboard heat in lieu or in addition to reheat coils is
demonstrated in the SA,\ClP LE RUN BOOK, 31-Sto ry Offi ce Bui lding, R un I.

8) To enable variab le speed control o f the fan motor, insert t19'-
FAN- CO NTROL = SP EED iu th e SYSTEM keyword list. \Sf
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